In chlorovirus infection, immediate-early gene expression occurs within 5-20 min post infection (p.i.).
INTRODUCTION
Chloroviruses are large icosahedral, dsDNAcontaining viruses that infect the unicellular green alga Chlorella and ubiquitous in natural environments (1, 2) . One of the remarkable features of chlorovirus is the large 330-390-kbp genome that potentially encodes more than several hundreds genes. Recently, the nucleotide sequence of the 330,740-bp genome of PBCV-1 (prototype virus) was determined, and 702 open reading frames (ORFs) were identified (3). Although some of these genes were demonstrated to be actually expressed during viral infection, and functional proteins were formed in the host cytoplasm or were incorporated into the virion, the nature and function of most chloroviral genes are largely unknown. Viral DNA synthesis begins about lh p.i. and by 2-3 h p.i., parts of the viral capsid accumulate in the host cytoplasm.
Mature, DNA-filled virions appear by 4 h p.i. and about 2-4 h later, the host cells burst, releasing viral progeny into the culture medium. Viral gene transcription is, for convenience, divided into early and late stages. The junction between theses stages is about 1-3 h p.i., which coincides with the initiation of viral DNA synthesis. In this work, we characterized the viral transcripts formed immediate-early after infection and found a dramatic transcriptional change that occurs around 40 min p.i.
RESULTS AND DISCUSSION
In our previous work, 16 genes that are expressed immediate-early (5-20 min p.i.) in chlorovirus CVK2 infection were detected (4). These genes include those for aminoacyl-tRNA synthetase, TFIIB, TFIID, nucleolin, ribosomal proteins, mRNA capping enzyme etc. All transcripts of these genes detected within 20 min p.i. were polyadenylated to a various degree.
To characterize the gene expression pattern for each specific genes, total RNA expressed from CVK2-infected host cells at various times after infection was subjected to Northern blot analysis. Figure  1 shows the result of Northern blot with a probe of the TFIIB (A107L) gene. A single transcript of approximately 1,100 nt appeared as early as at 5 min p.i. and increased in amount till 20 min p.i. At 40 min p.i., another transcript with a size of 1,000 nt, 100 nt smaller than the early one, appeared and accumulated till 60-90 min p.i. and then gradually degraded with time. Since the smaller transcripts did not hybridize with a poly(dT) probe but the larger ones did, the 100 nt of size difference is most likely caused by presence or absence of a poly (A) tail. The change in poly(A) addition occurred between 20 min p.i. and 40 min p.i. A similar shift in the transcript size was seen for all 16 immediate-early genes so far tested. Another change in the transcription pattern is the appearance of larger additional transcripts after 40 min p.i., as demonstrated in Fig. 1 . In this case, two extra bands of 1.5 lent and 2.5 knt appeared from 40 min p.i. and retained till 120 min p.i. By RT-PCR with primers synthesized based on the upstream and downstream sequences, those transcripts were found to be formed from an upstream promoter and read-through into the A107L coding region. Therefore, a dramatic change in the transcription of the viral genes occurs before and after 40 min p.i. We propose a definition of the "immediate early" phase of transcription as producing mRNAs with a poly(A) tail before 40 min p.i. 
